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 pure W is the best W (in terms of ductility measured by Charpy)
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3 x 4 x 27 mm3
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Charpy impact 
properties
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Charpy test: W0.1(rxx) AgCu0.1, 3*4*27 mm3
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Source of 
ductility!
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Source of ductility?
movement of dislocations (edge (0.3 eV), screw (1.05 eV))
twinning
nano crystalline effects: grain rotation, grain boundary 
sliding, grain boundary dislocation interaction or grain 
rotation and alignment [1]
dislocation annihilation
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How to improve 
ductility?
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How to improve ductility? Grain size
the smaller the grain size, the higher the ductility
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ECAP: equal channel 
angular pressing
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the higher the degree of deformation, the higher the ductility
How to improve ductility? Deformation 
Institute for Applied Materials, Campus Nord, KIT12 10.02.2012
Literature:
[1] P.B. Hirsch, S.G. Roberts, J. Samuels, Revue Phys. Appl. 23, 409 (1988).
J. Reiser, IAM-AWP, KIT
W workshop, Santa Barbara
How to improve ductility? Foil effect
the ‘foil effect’: dislocation annihilation on the free surface
20 µm aluminum foil
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Assessment of 
W foil
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Analyses of W foil: grain size
RT 50µm
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1 h / 
2700°C 50µm
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Analyses of W foil (as-received): grain size
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10µm 5µm
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500 µm
Assessment of W foil: grain size
Institute for Applied Materials, Campus Nord, KIT17 10.02.2012
5 µm
grain size: 0.5 x 3 x 15 µm3
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Analyses of W foil: texture
(100) 45°
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(100) 45°
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Analyses of W foil: texture
15 µm 15 µm 15 µm 15 µm
y
z z z z1 h / 
800°C
1 h / 
1000°C
1 h / 
1300°C
1 h / 
2000°C
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z x = RD
David Armstrong, Oxford
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Analyses of W foil: TEM
RD
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Yi Xiauuo, OxfordW0.1, 20 h / 1400°CW0.1, as-received
200 nm 200 nm
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Tensile test properties: W 0.1 mm
texture:  (100) <110> 
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Tensile test properties: W 0.1 mm
Mo foil, 0.1 mm, RT W foil, 0.1 mm, 600°C
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• anisotropic
• most ductility in 45°direction
• same material behavior in 0°and 90°direction
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Tensile test properties: W 0.1 mm
W foil, 0.1 mm, RT W foil, 0.1 mm, 600°C
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• anisotropic
• most ductility in 45°direction
• different material behavior in 0°and 90°direction
0° 45° 90°
Tensile test properties: W 0.1 mm
texture:  (100) <110> 
preferred slip: <111>
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3PB test at RT: W0.1
1 h / 
1000°C
1 h / 
1100°C
1 h / 
1200°C
1 h / 
1300°C
1 h / 
900°C
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3PB test at RT: W0.1
1 h / 
900°C
20 µm1 h / 800°C
20 µm
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1 h / 
1000°C 20 µm
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W 0.1 mm, as-received
texture: {100} <011> 
grain size: 0.5 x 3 x 15 µm3
dislocation density: high
source of ductility: edge, nano
W 0.1 mm, annealed
texture: {100} <011> 
grain size: 100 x 100 x 100 µm3
disl. density: low
ductility: screw, disl. annihil.
open symbols: ductile
filled symbols: brittle
Institute for Applied Materials, Campus Nord, KIT27 J. Reiser, IAM-AWP, KIT





















annealing temperature in [°C]
as-receied, liquid N2 1 h / 1000°C, RT 1 h / 2000°C, 100°C
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